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PROBLEM TO BE SOLVED: To quickly realize gradation processing of high 
density and high gradation by realizing dot dither, which forms plural dots in one 
threshold pattern and. multi-leveling due to PWMflaser pulse width modulation) 
which distributes gradation among plural dots. 

SOLUTION: A difference value Δn=ni-nc between an input gradation value 
ni and a threshold nc is reduced into the range of 0 to Δh, and' low-order 
(s) bit of Δh is eliminated through round-off or round-up processing. On 
the other hand, a threshold array is produced from an expansion threshold 
pattern, which is obtained by combining threshold patterns Δh x K, Δh 

x K+1 Δh x K+2'(s-1), whose threshold interval is a power (2s) number 

of 2 of Δh. 
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(2) 



000-4359 



Lamm i ] u—*f/vi^nt9tn (pwm) tc «t o psnftm 

*fT"5PWM5fi*|ggSt, HM.iicSfiifiF-rSHMT— ^ 
tbit ( t £8) OA*P»WMtn,SCl©A* 

fgfflMn; i:MSEHffin c <!:ro^fi[An=n|-n c fc«t DPWMPg 

HffiH^^i©±i5gft t & z> mmmm a h & u >>x 

5>&m7L. OSAn^AhW^-g-JcftlHM^fitAnCDTfis 
(0< s <4)bit£9JDteTfc«, gt^teTfi s bi t£8t 
0 o±ffi ( t - s ) bi tic 3D D ±lffcffi^PWMPgiitti-r§ 

[W*II3] HfMia?iJ£{f A, -iU^8bit(=256©Pg) 
©A^HiilWPgilSfinj^ MfSHME?iiC9EfMn c i:CD^ 

fit t~^«T -5 ISfl^lffiSgE l.C & li'T, 

maBttiAKmtt», .aaft«*n,t s = i , 2 , 3 , 4 

co^-rn^©ffi(c*f LT, (n r n c +n 0 ) ©T& s bitttt 

[»*«4] Hffiisaieflr*., -a* 8 bit (=256© 

Pi) ©A^fHiSwpgimiinjS:, S9g2Hffli2?iJ©IWfiin c t 

w«Efcb;&«iMatt, iSfts»B l ts = i', 2, 3, 4 

Oti-rn^©«fcMbT, (n r n c +n 0 ) ©T{4 s bi tiitt 

Cii^ig 5 ] ■ A^pgpotiflnfcfcf-rs tB^H^ta, 2 © s 
*e©«ijsnTia;iHittK:»wfl!iio'r4«ASi* ; ?r»««f 

[§H*lg 6 ] 4>fc< 1 1. 2 fi^±©^fippgij^fes^tc 
fr5iit5lfc«4SE«&©:/'J >^T*cT, 

[§S*gt 7 ] I-— flVw*iB£fi (pwm) fc<fc o^apg© 
4a <t £ Jt«rr * Jt«* a i , MGMt *«*rr s n«i7- 

mm.^\hf]mm<D vwmmm. \z 5 mm®m s ax- 

^-f if SrJn^.-SPg'P^n.aSK. 
r»*lR8] ±&Plbit, c f'fiP2bitSLN*T&P3bitt^ 

M £ *i £ hS se a ^3 m m © mmm ©±&p 1 b i t ©« t ±m 

4b i tft tfT&P5b i t fctffij $ *ufci»ffiHttC!>±&P4b i 1 1 
&m L l > ii£ tr H?iKP2b i 1 © fig \z «fc 0 PWM© 4" fflttttHSM 

P3bi tiWBBKM©Tf4P5bi tiJ.t$5LftifBPWM©4'F B , !W 



[M&B9] flf8E#bit©bltRtt, P1=P4=4, P2= 
2, P3=P5=2, $fcttPl=P4=4, P2=3, P3=P5 = 
1, *W4P1+P2 + P3=8. P4=P1, P5=P3©H«£ffi 

imxm i. o ] u—tf/vvzmxm (pwm) t <k o whim 
^a c «t o a * sisi©pfpni £ m ti mmvmmm k 'stt 

^^-T'fC^fiJ^nfemrlHA^H^WPiPiifC^tt-sm 
L, ^©Jt^SSfc^^Mffi^-^u-^raffl^^-ft; 

s-&TPWMt:«t**iB»aftii'*u^;pt*«-r«^at 

1] U—if^l'^*S©^^(PWM)tc«fcO|ig»! 
W£fr-5PWM0g§£ffi*.;£l/-if:/'J >^feot, 
— ttA^J tc*ff -5 tffB2PWM(C i -5 m^B*©|igfilSM«, 

x^mm<nmmm.<DT^L 2 bi t?gn«Tfi 1 bi t©{g©i# 
Jot lt4 ja^vMi 2 ia^r^THi^jSui e 
iMJn-r«>i/— ifyu>^„ 

[0 0 0 1 ] 

[fgsj©M-r«>S«5i-if] -7 7 V 

H*IU**«K:M-r<5.- ^tc, U— lf^^x*B«Bl(PuI 

se Width Modulation : PWM) i1S^©H^©*l^-g-t5# 
fc <t 0 &^[gira£«m*5fc»©Bfc$!l«£?T 5 ^B© 
fztt><D$£BJiT"$>Z>. 
[0 0 0 2] 

[fie*©s«] a*. 7*^^;uyu>^<Sfcfflv»sna 

1 2 Pi b |^ ( 2 ffl) ©^^, ^ • 7. iff£ 

[0 0 0 3] Wfcx-r-tfffiTtt, «pMBS61-125264^ 
ZtlTZfz. Z.<DJsmt. HftOKy MBJ'J^fflUTA 

^p e E p(c^i;Ta:g©^b-r^^S:^s-r-5fe©T^ 

S. ^bTd©^?£fi. B»Wai!t«k-3THiBia«ifcfi 

A-r-s y --f XA^siz-o^r^mM^n-Oo ^btioj 

fcfctt. WMW61-125264^4>«©*17aHKiS3tiTl» 

0, ffl^©ffi-S<!:Pg^^Miz:$-a-«,^i : b&-g)SSnI 
[0 0 0 4] ftttapgM&gtt. #^¥6-85558^^$B 



(3) 



<&Wl 2000-435 



©SB21I21 (B) tC&jESn-g.. «rfc«r&¥6-85558*»&* 
tt. 3 6KlH*©M**PWMi:«ttfn*lH*U— If© 

ffiTlt SB210 (B) * *> 5 -*a©H*EJiJT?* 

^m21EKA)*efffl-r^CiT. 3*©ttiai"<JH&ft 

[0 0 0 5] 

[*M3&*«fftL«t5fr*»ii] en ■=>©#:£«, bp 

Sct»«PSISrM3t-r*fc*©X*T*«*«600dpi (dotsp 
er incWftSOU— !fyj >*Ttt&-*" b t>*fc*-Mfrfc 
ttttittHAfct*. ^7fcr7SJWJg«©ni*l5«K:tt, 
C 0 T 1 75 1 p i . »W»»4256B t * n 
Gn=1010(exp(-0. 138f)) (1 - 

fdcfcO^JHtSftS. 

[00083 hwjsks-^t, ms>mmvtm8«D»it 

>*©«MfcatC*fJSLT^UfcHftH2lK:^ 
-f. HSfHi, ^©(l)SC»cJ:affil8l««ftK:»-t«»JJ'J 
£7c, ®^ tinffl CD 600dpi CD > 
^T^IHIfcBWftfcift-r. fc£U H2lTtt, 
Sc*#30ciOXt«0ciDB*re*TO»|jiSaftfcJj|» bT 
30cm(OSJS?8gBiTtt. 1 (cycle/degree) 

ttttio(ipi) fctts-r*. 

[0 0 0 9] H2lT?K******±lHl*«»tt, ^©£ 

mh &ssc tc*f b t+#&bpi4tw# 

1^5. ffioT, dC0EUd«fcSt, 600dpi©:/'J 
© h*<;/ h£ 5ffi{fc&Hb 9 MAsf 
[0 0 10] — ^TeOOdpiffl^U >^T1751piJ^±CDSI 

*atcj;t>#iJi£-r£&g£*fe-C5. ;i-©«-&©BSi&tt9 

tC^a^TioTfe 3X.3X9+1 = 82»P£fc9 

seta, js^y^fft^vh'j-^^ffiiffl 
site, h±©»*t«t*. 

[0 0 11] Z<Dtc£>. lffitt©1$llflll86l-l25264#&fB 

[0 0 12] £&. ftfc¥6-85558*»4*«©J:3fc, K 
•y b©i8&©l/3, 2/3©®fil^;U^ft-eftt;:*fj£bT 

mmmq w- * ^ stmtt -a tc «, h«£$ij 

[0 0 13] CKOAi&^ffitCiSHttartfflgl^B 
/turo^d HUG lea* h7y^tt3**t*tf^0 
T&<. fflSS^fflLSI (ASIC)flsi-**£&£©H38ft 

[0 0 14] #3g"jll©gWtt. ^H^^iJifg^^Sa 



*. cut, Jiftipite, msu tfftfnsK>fa 

fc0©i^a©lli: (lines per inch)Tr&-5. 1 pi 

[0 0 0 6] 600dpi©2ffl8«©7 r <J >^Ttt, Cftg 
©»n*S©IHj6»J*tt^<iBT**. b^b, 

[0 0 0 7] Roetling© "Visual performance and ima 
ge coding(SPIE/0SA(1976))"t;:«k -&<>;, £HJ4&fti(cy 
. cles/degree) f£»T*SI8'JnJlig&BSlgr.Gntt, 

(-0. lf)) + 1- (1) 
SlHlgStCckO, ASICrtfc*«*afclH£©* ^X* U > 
y &PWMtfHfti71Je&lttHffi9[sl£&«tt?S d £ «fc 

[0 0 15] 
[0 0 16] 

[0 0 17] 121(4, *%Q©Rm£L9gB£aMSLfc 
600dpi©* 5- U— ItVJ >^t*3tt-5il^fias©85tn 
ZtfLX^Z. WMtt&t.ttZW&'r—? 1^- 
^©RGB^-^ibT, W777 2CiA6ft 
*. 7* 'J >*x>5»13tt, YMCK©#ffi(#e)«»cS» 
tffifcft, Hl©A*^«^^7 2£Jl»©«iatt, —3 
©* bTYMCK© 4I»4@It) jIT . 

[0 0 18] «fflK4fi»*^a5tt. RCBjftUB*^- 

^^bYeiiow^^m-r^cfcptc^stcjsuTi^as^sjw 

fbfft. ^W:MLT, rtiiE#g7t4r*8lEM7 : — 
7> 8 * &Yel lowt»*Lfc»iEISSrt«©#flH5 1 -^' 
;n:n-Kt5. 7**1fl3»10KYellowK:#j&l, 

fcM«KJ'JRix-c-©E5fl©-y--f Xt*— ^St— y;ni*» 

fin-KU rt»£*JJWft;-r*. £©H«IE5>JM:. 08 
©Kffiid?iJ27© <£ 5 fcO*» 6 255«T© 8 b i t V&m S ft 
'S«©ie5iJT»S. 

[0 0 19] Clftf;:<fc9A7jAy 7 7 2^e>iiSft-5RG 
Bx-*fi, 6«)IE#a3(cj;SfeffiIE, 4fi»j»fa 
5KJ:*Yellow7 i -.$"\©g«. r*IE*R7K:j;*B 
W*|jE*a»tfc», PBMffl9&B9 fCcfc 9PWM<i^tl2£ 

[0 0 2 0] Yellowl'<-5>#©*aSa*l*7-r*£. 4 
fi#8??©5, rffiIE#l£7, x^lfigKHOtt-tft-eft 
i^fitt^ 5 * ^Magen taffl CH □ - F UTSJ»!fl: 
U. IsifilWiffllHCck 9 Magenta 1 ^- v^©P\VMff^l2^ 



(4) 



#HH2 0 0 0 - 4 3 5 



[0 0 2 1 ] HJSMdCyan, BlacktC*fT Z>$kW&ftOo 

w\M^mz^\mLxno 0 z.cot^, miA$dmt&&m 

[ 0 0 2 2 ] Bnffl9SB9cr>0il£BI2SZ/BI3 

, t^to ^nscwm Bwai3ig«9^A*i»iis 

ffi (A*H*BBHi) tt256Hm(8bit), SfcPWMKJ; 
* ldot<Z)#ffl&ttl6ffl (4bit) ®17a»(0~16) ill 
t^*. **J6WTttA*«nHI*8bitT*aLT^« 
**fflObit»TA*LTt>A^iltfaW3 

[0 0 2 3 ] EI2©NANDlHl8S17^trfi([*<!0«iaTtt, * 
"T»IHg»14tCT, A*«^n,(D»WttHt^if«« 
n c <h<7)II#An=nj-n c S:2R«>§. An< 0 oW-g-fctt, 
Mg[USgl4<7)7>^-:7 d — (underflow) mmzk V , N 
ANDEI»17A^6<Dai**±bitO tTZ>* O2SAn<0*£ 

1 1 U ORlHlgSietc ct 0 A*PBW«k:Hfc £>'*f £ 6 bi t £ 
1 (=full) tLTNANDlHlKl7S:iSTtU*-r5. *LT, 
^(Dm<Dm^ (0 ^ An<Ah©*<&) (3tt0RlHlKl6^OA 
*BW«6bit*-?-<7)SSNANDlHlgS17A^a*L, 8 bit 
C0An & 6bitO0—Ah(R^bit = 1 ) <Dm\zV) V B» 

So 

[0 0 2 4] NANDHI8Sl70«aTtt, ajRHB^fclJ; 
0, NANDIilKl7<Olil*©6bit<3?«#«|^e>4bit»*, 

[0 0 2 5 ] s = 0©»-&tt, ±{£2bit*«!9»TT 
ffi4bit«:8&. s = i©*^tt, ±ffiibitiT&lb1 
t£^0^T*ffi4bit£31#Io s-=205«^l4, T&2 
bitSr«J0J§T±ffi4bit*a*i. s = 3CD»^tt, 
3bitSr-W?)»T±«a:fc ibitoofs-^*^JpLfc4bit 

[0 0 2 6 ] COibfPtt, NAND0SSl7^6bitcD/iiy7{I 
Srsbit^&S^hU 8tnfcbit«r«JD»T-Se:tt«« 
T&S, ^TRTTte> s Srbitv^ hStn?^„ £ 
COfflStt, NAND[HlgSl7<^tH^«^2C0s ^Tl^UT^O 

[0 0 2 7 ] AMC/SC/tbitv? hfis tt, AfrWfCtt 
ETF^SfcHHrr*. lSAh<16(=2fl<7)t#«, 
s ttO-3<0«SBITBS!, I6£ Ah<32 (= 2*) <7)<h£ 
tt, s = l-3<DflSHTSiR, 32^Ah<64(=2fi)(Z)t 

[0 0 2 8 ] einbC0MllT4bi uiMg^nxtfg-^^ 
-f>77yXiLL PWMU^;U*tiElHlgS21«, #flgT- 
-^UT&SPWMSE»T'"-^22t : F«&88SSnfcffit 



- 6 six f cd s mmztt-fz>m<&<D?wmMT-7)i22 

[0 0 2 9] 0 PWMfcct* ldotl^T&l— If 

fc«k0, A*«E»II6 £A*«Blttf (£bit = 1) t\m 

[0 0 3 0]. (S, ±K<BBlWTSe#AnC!)3'£, 7>* + 

— 7 D—fI*J*|»^& 8 bi t<D±{& 2 bi tttOREIBS16f3 A 
#£*l£HJ£«0»TT^5a*, ClC0±{i2bit<7)lHl{eS 

J6ftlTttAh*64(6bit) <t0/hS^i«i:L, NANDHIS§17 
©Hl**6bitt LT^5**> fe^^SAy 6 bi t CDflaKBtt* 
KW&feOTte&l^o ffil^a, NAND[iIBSl7<Z)ttJ**T8 
bitOSSTiflSftU «1R[e1K24£:, ±fi4bit$JDjg 
T(s = 0K ±ffi:3bitaiKTfi:ibit«J0»T{s = 
1), ±ffi2bitRtfTffi2bit«J9»T(s = 2K ±fi 
lbitS^TI4 3bit«JD^T(s = 3), Tfi4bit12JD 

»t(s =4) (Dfnjn^^sKf §mssiLT*s-rsc: 

£*>«ST&5, C<0«-&fcHbit>^7 Ms **0-4 

[0 0 3 1 ] S3 fC^T^SSWi, 0 2 (Dm D ^T#131 

tt, SlRlllK24©flfra(Ci8ttfcJnWlHlBS18a t 18bStXl8 
ctCcfcD, s = l-3©«^tc^D^Tbn^TfibitcD 
0Rffi£, PWMU^;u*iElHli82HcU*sn§aoco±ffi. 

4bittcjpg:-rso em^cto, mz\$, mummA<D - 

bitv!7 hfis (Dimzit^X, NANDIHJSS 17(0^/7^^2 
[0 0 3 2 ] 0 5KJK±(BfflS£:7n — ^*-HCT^ 

£1^X^19**5, bitv^ his & 1/^X^20^6^- 
n-enn-KtSe bitv^hSstt, AhSrPWMdiS 
»aa»T»S4bitt«0gS»5Ot+»a:«t LT, 
Ahf3*flSLT : F«)j*«)T43<fiT*-5*^ d 5 CO^JOffi 
ft^f y 7°100(0^|tC^o T, Ah^ S 
^chfcT^So Sfc, fflSBftXxy^lOOTtt, PWMtH^f 

«p u^;i/fi P • t«»-rapwiiS«iT— y;P2 

2t>D-K-ra. 

[0 0 3 3] ^^y^lOlTtt, A^H^ttniiP^ffin, 
ftP-KL, X^^yi02TM»An^g(±jf So ^<Z)X 
T-y^]01©Hffin c tt, El 1 ©x-f 1f@B&10fccfc?K » 
TKW'T*H8»c^"r±'5ft:H«[ie^J27*^tt, f§5ID§{b 
H«EW28k:a^TA*iH*«[nit|SI«BLTai*:A* 



(5) 



&ffl2 0 0 0-435 



[0 0 3 4] 7-^^^103T'«An<hAhtcDJt^SrfT 
Oo f LT, PWM£B2jfiip£, An<0/4?>tf p = 0, A 

Ah&£>(fp = f (16jI), 0^An<Ahft£fcfp = 
(An/2 s) i-f-S. (2 "s«2©s^Sr«T) {IL, An 
£ 2 "sTRfcLfcs&OW&lgte, 02©ij[) 9 j#TlEl8§Tte 
«JO»T, 03©^9±tflI]&T«3J9±&f£&-5c 

[0 0 3 5] X^^yi04T'^PWMiii^<ip*-r>7 ; -yi7 
X£LT, PWMU^HiiE0IS21C«k»3PWM«»T— 

[0 0 3 6] S&fCX^yyiOSTPWMtti^W^p' 
tt, PWM58^iai&Z3KJ:«5/'«;i'XlHg«sn&PWIIfl|4»t 

[0 0 3 7] «±©£!U1£\ 1 1—ZSft<DW%<D9B l mtf 

[0 0 3 8] H6tt.-H3©«0±»fiattfcJ:*Aia* 
'oJ*^J*^T. Ah=24, s = 2 ©«-&© 

aiR@BS24^6©PWMUi**p*, A7j|®ilHIn i =0~25 
5£fT.fcU 4 x 10ffl©ISMn c = (24 k, 24k+l, 24k 

+ 2, 24k+31(k = 0, 1, 2 9)££iJ£ 

f 31631ifc©3E£L-C*-r. C©«fc5ftHft©8L©E« 
Wi, H8©H«E5iJ27k:S-r. 

[0 0 3 9] i6T(l ttiTjffittOSIifcHT, 1, 2, 
3, 4, 5, 6, f (full)©7©Pgr»S*i. _Ctie.<75 
ffite, @4C*bfcJ;5l:. 0 3©PWMU-^;l4iIElEJ!&2 
IfCj; 0 PWltt*^— 7*;U22K:fleo TJ5#£»Wttai» 6 
n*J:3PWMfflai^;U£L-CflEiESft*. ttCSttlel 
»24©tti2>«©6 <h f (16il) £«, PWMU-^UfflIE(Hll§2 
ITHC^ffiai^HtK:*^*-!**. d©«&. PffMg 

»(o. f *»t»fcPWMm* u-^uoasB neat^o 

T<^*. ^ntc=t0, 0 6©4O<i©Wi©iia*-"&fc>-&(:: 
=t^lfea«)^!±i^PiPigctt241 (6 X40+ DfiM^ft 
-5. 

[0 0 4 0] 07te|i?Ut©Ah=24, s = 2Sffli® 
fifc»'r*«I0»TlHllS(BI2)lCJ:*Aai»©»*«* 
^•T. C©i§£, A7jfe t P«0~4(cftjrT3ai7jte:£ 

tt, ttl#lHftfc::*:*<aJ*Lfc^. 

[0041] &mtit>nm2 (DhiXtimz^^y-ty 

Hitn,= 3*J0JIC-r*lHl»*#ftlf*i:i:fc«tD. «J0 
±WElB«!:ra*©AW*»iS (0 5) ttS Z\L\~t&Ma\Z 
mm-VZZ. ffl&©rttiE*&7©ttia»;:lU«> 
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